Conservation of small mammals requires knowledge of ecologically meaningful spatial scales (e.g., individuals or populations) at which species respond to habitat heterogeneity. Between July and October of 1998, we sampled small mammals, understory vegetation, and downed wood (DW) at multiple scales (trap sites, 1-hectare forest patches, and stands) in 2 Douglas-fir (Pseudotsuga menziesii) forests in western Oregon. Our objectives were to determine if DW or understory vegetation varied among or within forest patches or among forest stands and whether variation in survival of small mammals coincided with the scale in which these varied. Understory vegetation explained most of the variation within patches, but did not vary among patches or stands. Survival of the 2 most abundant species, the deer mouse (Peromyscus maniculatus) and creeping vole (Microtus oregoni), also varied within patches by differing among individual home ranges, and was most related to DW volume (cubic meters per 0.01 hectare) and herb and gass cover (%). Survival of deer mice was explained by a 2nd-degree polynomial function of DW within individual home ranges, and peaked at 2.0 m 3 per 0.01 ha. Survival of creeping voles was dependent on a negative log e function of DW within home ranges, and was highest in home ranges lacking DW. Our results demonstrate that these species may not be generalists, as previously suspected, but rather specialists tied to specific amounts of particular habitat components within home ranges. We recommend that future studies of relationships between small mammals and habitats consider multiple spatial scales that are ecologically meaningful for the species of interest (e.g., home ranges), and examine demographic parameters including survival.
Many species of small mammals respond to habitat variability at small scales within forest stands and landscapes (Bowman et al. 2001a (Bowman et al. , 2001b Butts and McComb 2000; Carey and Harrington 2001; Martin and McComb 2002) . For instance, Orrock et al. (2000) showed that the presence and abundance of southern red-backed voles (Clethrionomys gapperi) were most evident at the scale of trap sites, compared with intermediate-and coarse-grain scales. Carey et al. (1999a) found that spatial heterogeneity in vegetation at the 0.5-hectare scale had a large influence on squirrel communities, and suggested that fine-scale (within-stand) heterogeneity is more important to small mammals than coarse, landscape-scale variation. Additionally, Krohne and Burgin (1990) demonstrated that small-mammal demographics varied at small spatial scales (hundreds of meters) and suggested that this variability was due to various ecological processes occurring locally rather than at the landscape scale. Such small-scale responses coincide with our knowledge that processes governing habitat selection vary within landscapes (Thomas and Taylor 1990) . Consequently, habitat relationships may be apparent only at a particular spatial scale that is ecologically meaningful to a species and may not translate across scales (Wiens 1989; Wiens et al. 1986 Wiens et al. , 1993 .
Understanding the spatial scales at which small mammals respond to habitat manipulations as a result of forest management is important because small mammals represent a major assemblage of species occupying forest floor environments (Gibbons 1988) . Small mammals affect plant community dynamics (Bowers 1993; Huntly 1991) , disperse ectomycorrhizal fungi (Maser and Thomas 1978; Maser et al. 1978a Maser et al. , 1978b Ure and Maser 1982) , and are prey (Maser 1998; Verts and Carraway 1998) . Consequently, effects on small mammals may lead to cascading effects across forest environments.
Two habitat components in forests managed for wood products in the Pacific Northwest that have received much attention in the literature are understory vegetation and downed wood (DW- Butts and McComb 2000; Carey and Harrington 2001; Carey and Johnson 1995; Corn et al. 1988; Spies and Cline 1988) . For instance, Carey and Johnson (1995) found that understory vegetation and DW accounted for much of the variation in the abundance of 6 of 8 species of small mammal in managed forests. Several studies have also reported a correlation between the abundance of small mammals and the presence and amount of DW (Butts and McComb 2000; Carey and Johnson 1995; McComb and Rumsey 1982) . Contrary to these findings, Bowman et al. (2001a) found that the spatial variation in small mammal populations in the Appalachian forests of New Brunswick was not related to the distribution in vegetation, and concluded that populations may have been tracking an unmeasured resource, such as DW. They also suggested that their findings were consistent with previous research demonstrating that small mammals are resource generalists (Bowman et al. 2000; Kozakiewicz 1995; Morris 1996) .
Failure to consider ecologically correct scales risks drawing incorrect conclusions regarding habitat use and quality (Wiens 1989; Wiens et al. 1986 ). Morris (1987) and Stapp (1997) suggested that examinations of habitat-specific responses of organisms should use a hierarchical multiscale approach to yield the most ecologically relevant conclusions. Few studies have taken this approach in examining relationships between small mammals and habitat (Bowman et al. 2001a (Bowman et al. , 2001b (Bowman et al. , 2000 Orrock et al. 2000) , and none has considered a hierarchical multiscale approach in terms of individual home ranges compared to larger population-level responses within patches and stands. Furthermore, most studies of small mammal-habitat relationships in managed forests focus on population abundance or density as a response variable to vegetation and DW (Butts and McComb 2000; Carey and Harrington 2001; Carey and Johnson 1995; Orrock et al. 2000) . However, multiple demographic responses such as age structure, survival, and reproductive attainment are important for ascertaining population responses to habitat (Maguire 1973) ; abundance alone may not be an adequate indicator of habitat quality (Pulliam 1988; Van Horne 1983) . Consequently, Loeb (1999) suggested that habitat quality could be assessed directly by examining relationships between survival and variation in habitat characteristics at various spatial scales. To our knowledge, no studies have examined small mammal survival as a response.
We conducted a retrospective study using mark-recapture methods to test predictions that understory vegetation and DW in managed forests contribute to variation in survival of small mammals, and that such contributions would be greatest at the scale of individual home ranges over forest patch or stand scales. Our objectives were (1) to determine if DW or understory vegetation varied within forest patches, among patches, or among forest stands and (2) to assess whether variation in biweekly survival of small mammals coincided with the scale at which these 2 habitat components varied.
MATERIALS AND METHODS
Study area and design.-Our study was conducted on managed forestland in the Salmonberry Creek and Little Lobster Creek Watersheds of the central Oregon Coast Range between 498059 and 498109 latitude, approximately 38 km southwest of Corvallis, Oregon. Over the past 40 years, forest managers in the study area have used 10-20-hectare clearcuts interspersed with uncut forest areas of equal or larger size to improve slash disposal and forest regeneration (Franklin and Forman 1987; Smith et al. 1996:316-328) . This has resulted in various amounts of DW distributed across this landscape. Due to logistical limitations, our experimental design was restricted to collecting data in only 2 replicate forest stands. To ensure that high amounts of DW would be distributed within our stands, and to accommodate small mammal trapping grids (1 ha) and grid buffers, we randomly selected our 2 stands from the uncut forest areas (.20 ha in size and .40 years of age) remaining in each watershed. This resulted in selecting stands where previous silvicultural treatments occurred 60-100 years ago. Both stands were at an average elevation of 110 m, supported 219-247 trees/ha, and were comprised of trees with an average diameter of 53 cm at breast height (large sawtimber condition -Brown 1985) . Overstory vegetation was dominated by Douglas-fir (Pseudotsuga menziesii), red alder (Alnus rubra), and bigleaf maple (Acer macrophyllum). Understory vegetation was primarily salmonberry (Rubus spectabilis), salal (Gaultheria shallon), vine maple (Ac. circinatum), and sword fern (Polystichum munitum).
We placed a grid of 1-ha cells over a map of each stand and randomly selected three 1-ha cells (replicate patches) in each stand that were .250 m apart and buffered from roads by .20 m (Bowman et al. 2001a) . We further subdivided each 1-ha patch into one hundred 10 Â 10 m squares (0.01-ha trap sites) with a single large, folding Sherman trap (H.B. Sherman Traps, Tallahassee, Florida) positioned in the center of each square.
Habitat.-We used two 5-m line intercepts extending outward from each trap to sample DW (Harmon and Sexton 1996) and understory vegetation (Bonham 1989) at each trap site. We recorded the diameter of each intercepted log (.10 cm in diameter and .1 m in length, excluding snags and rooted stumps), and used the formula described by Harmon and Sexton (1996) to estimate DW volume (m 3 per 0.01 ha). Vegetation was classified as fern, herb and grass, or woody shrub (Pojar and Mackinnon 1994) , and percentage of cover of each class was estimated for each trap site.
These estimates were used to develop 2 categorical grouping variables intended for use in the analysis of habitat variation within and among forest patches and among stands. The categorical groupings were 3 levels of DW volume (0, 1-9.4, and 9.5-18.8 m 3 per 0.01 ha based on dividing the maximum estimate of DW volume [18.8 m 3 per 0.01 ha] into 3 categories) and 3 levels of understory vegetation cover (0%, 1-50%, and 51-100%) for analyzing the spatial context in which the distributions of these habitat components varied.
We used estimates obtained at the trap-site scale to compute spatially explicit continuous quantitative covariates intended for use in the construction of survival models for small mammals (see Statistical analyses). Estimates of DW volume (cubic meters per 0.01 hectare) and understory vegetation cover (%) at each trap site were averaged among intercepts to obtain trap-site estimates, among trap sites within each patch for patch-scale estimates, and among patches for standscale estimates. Estimates from trap sites were also used to compute the weighted mean of each continuous, quantitative habitat covariate within the home range of individuals by using the frequency of captures at trap sites.
Small mammals.-We used mark-recapture methods (White et al. 1982) for sampling small mammals. We trapped for 8 weeks beginning 27 July 1998. Traps contained polyester batting and were baited with rolled oats and sunflower seeds. Traps remained open for 3 consecutive days during every 14-day period and were checked every 12 h. We trapped 1 set of 3 replicates in 1 stand during the 1st 7 days and the other set of 3 replicates in the 2nd stand during the 2nd 7 days of the 14-day period, thereby providing four 3-day trapping intervals per replicate forest patch. Traps were prebaited (trap baited and locked open with a flat wooden stick) during each 11-day nontrapping interval to reduce behavioral effects like being attracted (trap happiness) or shy (trap shyness) of traps, which can affect capture probabilities and measures of precision associated with estimates of population parameters (Otis et al. 1978) .
Trapping data conformed to Pollock's robust design Pollock 1982) . The robust design is a combination of the Cormack-Jolly-Seber live recapture and closed capture models, which allows for estimation of apparent survival (Cormack 1964; Jolly 1965; Kendall and Nichols 1995; Kendall et al. , 1997 Seber 1965) , hereafter referred to as survival (È). Captured animals were identified to species (except shrews, Sorex, and chipmunks, Tamias, which were identified only to genus). All animals were marked with ear tags (size 1 Monel tags, National Band and Tag Co., Newport, Kentucky) and released at the capture site. For each capture, we recorded the status (new or recaptured), ear tag number, age class (adult or juvenile), species, gender, mass (g), date, and trap site. Capturing and handling conformed to the guidelines established by the American Society of Mammalogists (1998) under a protocol approved by Oregon State University, Institutional Animal Care and Use Committee.
Statistical analyses.-We used the trap-site scale estimates of understory vegetation and DW in a nonmetric multidimensional scaling analysis (Kruskal 1964; Mather 1976 ) to determine if DW or understory vegetation varied within forest patches, among patches, or among stands. Nonmetric multidimensional scaling is an ordination technique based on rank distances among sample units (Kruskal 1964; Mather 1976 ) and is appropriate for examining the dimensionality of heterogeneous community data sets. The primary matrix contained 600 trap sites (sample units) and the 4 continuous quantitative habitat variables consisting of DW volume (cubic meters per 0.01 hectare) and vegetation cover (%). The secondary matrix consisted of the same 600 trap sites, the 2 categorical grouping variables (3 levels of DW volume vegetation cover), as well as grouping variables for the 6 forest patches and 2 stands. We selected the autopilot mode in PC-ORD software version 4.07 (McCune and Mefford 1999) , and standardized each habitat variable by the maximum value recorded to give them equal weighting in the analysis. The Sorensen proportion coefficient was used as the distance measure for the Monte Carlo test to verify that the final dimensions were better than could be selected from randomized data (Mather 1976) .
To determine whether DW or understory vegetation varied equally among trap sites, forest patches, and forest stands, we first used Pearson correlations between quantitative habitat variables in the main matrix and ordination axes to identify their importance in explaining habitat variation at the smallest sampling scale of trap sites. This approach is an appropriate method of examining the distribution of trap sites in terms of variation in understory vegetation or DW because it portrays the distribution of trap sites along ordination axes that can be related to the variation in these habitat components (McCune and Mefford 1999) . We then used the categorical variables in the 2nd matrix to uniquely identify trap sites in the ordination and heuristically assessed if trap sites formed groups that corresponded to their respective patches or stands along the strongest habitat gradient. We considered the lack of a nonrandom pattern at the patch or stand scales as an indication that understory vegetation and DW distributions were randomly distributed at these scales, and we thus interpreted the habitat components as being more variable within rather than among patches and stands.
To assess whether variation in survival of small mammals coincided with the scale at which understory vegetation or DW (or both) varied, we used individual animal encounter histories and design matrices in program Mark software (White and Burnham 1999; White et al. 2001) to build spatially explicit multinomial survival models following Pollock's robust design (Kendall and Nichols 1995; Kendall et al. , 1997 Pollock 1982) . We constructed survival models only for species that had high numbers of 1st captures and recaptures because small effect sizes can lead to biased and imprecise estimates of population parameters (Lebreton et al. 1992) . The sample sizes of our most abundant species did not allow for partitioning the data among age classes. Thus, we combined adults and juveniles and estimated survival as though all animals were the same age. In our design, primary periods were the 11-day nontrapping intervals, where the population was considered open, and secondary periods were the four 3-day trapping intervals, where the population was effectively closed (Kendall et al. , 1997 . Thus, for each species, we developed a single-candidate set of models (alternative hypotheses) on the basis of a group of a priori population parameter structures and the 4 spatially dependent, quantitative habitat covariates. In each model, we assumed ''random emigration'' (Kendall et al. 1997 ) and transformed the binary survival and recapture responses with the logit link function (Pollock 2002) . We held the probabilities of capture (p ij ) and recapture (c ij ) equal, and constrained them by applying each of the a priori parameter structures to p ij and c ij . Next, we used the best approximating model from this initial set of models to constrain survival (È i ) with the a priori parameter structures. Model syntax followed Kendall et al. (1997) and Lebreton et al. (1992) .
Spatially explicit models of survival were first developed by grouping individual encounter histories into their corresponding patches or stands to obtain estimates of survival that were constrained at the patch or stand scales, or grouping all encounter histories to obtain a single estimate of survival. For a given species, these 3 models were similar to analysis of variance (ANOVA) models, where each model represented 1 of 3 levels of the single factor (spatial scale). Thus, we tested whether survival varied among patches or stands, or was constant across both scales.
We selected the ''best'' model from this set of spatially explicit survival models on the basis of Akaike weights (w i ) using the smallsample corrected Akaike's information criterion (AICc-Akaike 1973; Burnham and Anderson 1998; Hurvich and Tsai 1989; Sugiura 1978) . Burnham and Anderson (1998) recommend the use of AICc when sample sizes are small with respect to the number of estimated parameters, such as in our data. Akaike weights allowed us to place all of the models into 1 set, essentially putting them on ''equal footing'' regardless of spatial scale, by calibrating the relative likelihood of each fitted model by a weight of evidence relative to the best approximating model (Burnham and Anderson 1998). We interpreted w i as posterior probabilities (i.e., given the data and the a priori set of models) that a given model was the best approximating model. The ratio of Akaike weights between the best-and 2nd-ranked models (w 1 /w 2 ) was used to examine model uncertainty by determining if there was sufficient evidence for the best model over replicated data sets (Anderson et al. 2000) . This data analysis paradigm is based on Kullback-Leibler information (Kullback and Leibler 1951) , and avoids many of the fundamental limitations and common misuses of null-hypothesis testing (Anderson et al. 2000) .
We used the ''best'' model selected from this initial ANOVA approach as the underlying model to add spatially explicit habitat covariates for each species. Patch-scale models were those where all animals within a 1-ha patch received the same average estimate of each habitat variable for the entire patch. Stand-scale models provided all animals within a stand with the same averaged estimate of each habitat variable across all patches within a stand. Individual home range-scale models were those where survival was constant across all scales and where each animal received an individual covariate for any 1 of 4 habitat variables. Individual home range-scale models were also constructed to determine if survival reached a threshold with increasing amounts of each habitat variable by modeling survival as a natural logarithm and 2nd-degree polynomial function of each individual covariate. Gender was also used as an individual covariate.
We also used analysis of covariance (ANCOVA- Steel et al. 1997; White and Burnham 1999) to construct models that constrained survival to (1) differ among patches or stands, though dependent on time or a continuous individual habitat covariate, and (2) differ among time periods while being dependent on continuous habitat covariates. Models having survival as a linear, 2nd-degree polynomial, or log e function of a continuous habitat covariate were similar to simple regression analysis (Steel et al. 1997) . We selected the best model from this complete group of models following the same model selection procedure described above, and visually examined plotted values of Pearson residuals to assess model adequacy and the assumption of constant variance among observations.
RESULTS
Habitat.-On the basis of the nonmetric multidimensional scaling ordination, we found that understory vegetation cover and volume of DW explained 79% of the variation among trap sites. The nonmetric multidimensional scaling ordination resulted in a 2-dimensional solution, and the final dimensions were better than that expected by chance (Monte Carlo test, P ¼ 0.0476). Woody shrub cover was negatively (r 2 ¼ 0.846) and fern cover positively (r 2 ¼ 0.493) correlated with axis 1 of the 2-dimensional solution. Thus, axis 1 represented a gradient of trap sites from high woody shrub and low fern cover to low shrub and high fern cover. Axis 2 was characterized by a positive relationship with woody shrub cover (r 2 ¼ 0.443) and a negative relationship with herb and grass cover (r 2 ¼ 0.339). DW was only weakly correlated (r 2 , 0.06) with either axis. Although the mean quantity of DW and vegetation varied among patches and stands (Table 1) , only the 3 measures of vegetation cover were important in explaining the variability among our trap sites (Tables 1 and 2 ), whereas DW explained little variation.
We used the categorical variables from the 2nd matrix to uniquely identify trap sites in the nonmetric multidimensional scaling ordination, and found that trap sites did not group into their respective patches or stands along the strongest habitat gradient. This lack of pattern at the patch or stand scales suggests that understory vegetation cover and (to a lesser extent) DW volume varied between trap sites, though not among patches or stands.
Small mammals.-We captured 926 individual small mammals representing 15 species (Table 3) . The deer mouse (Peromyscus maniculatus; n ¼ 201) and creeping vole (Microtus oregoni; n ¼ 103) were the most abundant species, accounting for 22% and 11% of the individuals captured, respectively. Combined, these 2 species represented 61% of all captures and recaptures (n ¼ 1,669). For these 2 abundant species, we constructed models that estimated survival over 2-week intervals.
For deer mice, our best underlying model of survival with the highest likelihood compared to other models in the candidate set, model fÈ T , g9 t ¼ g0 t , p s*t ¼ c s*t , N.g, had constant rates of biweekly survival among patches and among stands, but declined through time; varied probabilities of capture and recapture among secondary sampling periods and through time; and constant abundance (Appendix I). We constructed 12 additional survival models for the deer mouse by adding the spatially dependent habitat covariates as an independent effect on survival in the underlying model (Appendix I). By comparing these spatially explicit survival models, we found evidence of 2 competing models, where deviance residual plots indicated constant variance among observations for both models. The ANCOVA model, model fÈ Tþfernþfern 2g, had the highest likelihood fw 1 ¼ 0.47g and allowed survival to vary as a 2nd-degree polynomial function of fern cover at the scale of home ranges of individual deer mice. This model predicted that survival of deer mice in our study area peaked at 8% fern cover and declined to 0.0 when cover was .23% (Fig. 1) . The 2nd ranked model for the deer Shrub cover (%) Herb and grass cover (%) Fern cover (%)
Spatial scale " X X 6 SD " X X 6 SD " X X 6 SD " X X 6 SD (Fig. 1 ). There was no evidence that survival of deer mice varied among patches or stands (w i , 0.002; Appendix I). Although we found little certainty (w 1 /w 2 ¼ 0.47/0.19 ¼ 2.47; Appendix I) that model fÈ Tþfernþfern 2g was best over replicated data sets in our study area, the top 4 ranked models hypothesized that survival of deer mice was a function of either fern cover or volume of DW, and their sum Akaike weights was 0.84 (Appendix I). Thus an effect of these 2 habitat variables on the survival of deer mice is plausible for a model (hypothesis). Empirical support for the remaining habitat variables and patch and stand-scale variation was lacking (w i , 0.03). We also found no evidence (w 15 ¼ 0.007) that survival differed among sexes.
Initial comparisons of survival models for the creeping vole resulted in model fÈ patch , g9 t ¼ g0 t , p t ¼ c t , N patch g being the best of our candidate models. This model constrained survival to vary among patches, probabilities of capture and recapture to vary through time, and abundance to vary between patches (Appendix II). However, we suspected that patch-scale effects were due to small samples in patches 1 (n ¼ 6), 2 (n ¼ 12), and 6 (n ¼ 5), rather than actual differences in survival. Because such small samples can lead to biased, imprecise estimates of survival in these patches, we chose to use the 2nd ranked model, model fÈ., g9 t ¼ g0 t , p t ¼ c t , N patch g, as the underlying model for the creeping vole. This model constrained survival to be constant across patches, stands, and time. Based on the plot of deviance residuals, this model met the assumption of constant variance in the data.
After adding the 12 spatially dependent habitat covariates to the underlying model of survival for creeping voles, we found strong evidence that the simple linear regression model, model fÈ log e dwg, was best (w 1 ¼ 0.88; Appendix II), and showed that the survival of creeping voles varied as a log e function of DW volume at the scale of individual home ranges. This model provided a high level of certainty (w 1 /w 2 ¼ 0.88/0.03 ¼ 29.33) that it was the best over replicated data sets from our study area. This model predicted that the survival of creeping voles in our study area was highest (È ¼ 0.39) in home ranges where DW was absent, declined below 0.1 at volumes .2 m 3 per 0.01 ha, and reached 0.0 with volumes !4 m 3 per 0.01 ha (Fig. 2) . We did not find evidence that survival varied among stands (w 18 , 0.000) or gender (w 6 , 0.010) (Appendix II).
DISCUSSION
A primary challenge in linking survival of small mammals to habitat quality is determining whether such relationships operate over a narrow or broad range of spatial scales. Survival of small mammals in our retrospective study exhibited variation that coincided only with the within-patch variability in understory vegetation and DW. Specifically, survival was related to varying amounts of vegetation cover and DW volume only at the scale of individual home ranges compared with the broader patch or stand scales. This was consistent with our prediction that understory vegetation and DW in managed forests contribute to variation in survival of small mammals, and that such contributions would be greatest at the scale of individual home ranges over forest patch or stand scales. Our results substantiate the idea that these habitat components are primary factors that influence small mammals in forests (Carey and Johnson 1995) , and that ecological processes operate on individuals to structure small mammal populations in space (Bowman et al. 2001b; Krohne and Burgin 1990) . Our findings that the survival of deer mice varied as a function of fern cover, the habitat variable explaining the 2nd highest amount of variation among trap sites, was not surprising given that Bowman et al. (2001b) found a relationship between the abundance of deer mice and understory vegetation during autumn and spring in managed forests of New Brunswick. They also showed that the abundance of deer mice and 3 species of other small mammals were significantly related to local vegetation characteristics. We were unable to ascertain the importance of fern cover relative to DW, the 2nd habitat component found to be related to survival of deer mice. Although DW explained little variation among trap sites, the effect of DW on survival of deer mice was anticipated; Carey and Harrington (2001) found that the abundance of deer mice was correlated with DW, and that this association overwhelmed association with shrubs. In our study, fern cover and DW volume were present in the top 4 models, and explained variation in survival of deer mice. Thus, it is plausible that both habitat components affected the survival of deer mice in home ranges presented in our study area.
The absence of an effect of herb and grass cover on survival of creeping voles was unexpected. Several authors have found strong positive relationships between the abundance of creeping voles and herb and grass cover (Black and Hooven 1974; Carey and Harrington 2001; Carey and Johnson 1995; Sullivan 1980) . We suspect that the negative log e relationship between survival of creeping voles and volume of DW could reflect a negative relationship between DW and herb and grass cover. DW covers the forest floor, thereby providing less ground surface area for the establishment of herbaceous plants. Such relationships between DW and understory vegetation have been reported (Carey and Harrington 2001; Spies 1991) , FIG. 1.-Predicted probability of apparent survival of Peromyscus maniculatus as a 2nd-degree polynomial function of a) fern cover (%) and b) downed wood volume (cubic meters per 0.01 ha) within individual home ranges from three 11-day survival periods in six 1-hectare patches in 2 managed Douglas-fir stands in Oregon, JulyOctober, 1998. Solid line is the 1st survival period, broken line the 2nd, and dotted line the 3rd. Shaded area is the proportion of trap sites available across the continuous habitat covariate.
FIG.
2.-Predicted probability of apparent survival of Microtus oregoni as a log e function of downed wood (DW) volume (cubic meters per 0.01 ha) within individual home ranges from three 11-day survival periods in six 1-hectare patches in 2 managed Douglas-fir forest stands in Oregon, July-October, 1998. Volume of DW is given as untransformed log e of wood volume. Shaded area is the proportion of trap sites available across the continuous habitat covariate.
and may explain the presence of herb and grass cover in the 3rd best model for the creeping vole. These 2 habitat components were slightly negatively correlated in our study sites. We also acknowledge that habitat relationships of the creeping vole may be dampened by interspecific competition with other voles in the small mammal community (Carey and Harrington 2001) .
To the best of our knowledge, the curvilinear response of survival as a function of DW, as predicted by our survival models, has not been reported for small mammals before. Bowman et al. (2001b) and Carey and Harrington (2001) used correlation coefficients to provide evidence that small mammals were associated with understory vegetation and DW volume. Our response curves for survival of deer mice support Carey's (1995) finding that the abundance of deer mice was significantly correlated with low amounts (5-16%) of DW cover in combination with stronger simultaneous relationships with understory vegetation. These curves also demonstrate that deer mice and creeping voles inhabiting forest floor environments may not be generalists, as previously suspected (Bowman et al. 2001a; Bowman et al. 2000; Carey and Harrington 2001; Kozakiewicz 1995; Morris 1996) , but rather specialists tied to specific amounts of particular habitat components within their home ranges. Our results provide evidence for Carey and Johnson's (1995:347) conclusion that ''species responses to these factors are non-linear. . ., and thresholds for inflection points or asymptotes in response curves differ among species.'' One explanation of the narrow (stenotopic) ranges in fern cover (0-20%) and DW volume (0-6 m 3 per 0.01 ha) for optimal survival of deer mice may be that the deer mouse is an obligate (Morrison et al. 1998 ) of relatively low amounts of these 2 habitat components interspersed within 1-ha patches of managed forests.
Another explanation for our predicted response curves is that the survival of deer mice might be influenced by interactive effects of quality of habitat within home ranges (fern cover and DW volume), predation, and interspecific competition with other species in the community (Carey and Harrington 2001; Doyle 1987; Krohne and Burgin 1990) . The distribution of vegetation may influence predation rates, which can affect the survival rates of prey species. Dense vegetation and DW is believed to afford small mammals with protective cover against predation (Carey and Harrington 2001; Harvestad 1991) , but high habitat heterogeneity may also provide cover that improves predatory strategies, resulting in areas functioning as ''ecological traps'' (Gates and Gysel 1978) . Increased structural heterogeneity has been attributed to improved foraging by northern spotted owls (Strix occidentalis- Carey et al. 1992) , and understory vegetation is suspected to determine the suitability of foraging by various species of mustelids (Mustela, Wilson and Carey 1996) . It is generally concluded that predators are capable of maintaining rodent populations at low densities (Fitzgerald 1977; MacLean et al. 1974; Pitelka 1972) . Sullivan and Sullivan (1980) suggested that ermine (Mustela erminea) may have been responsible for the localized extinction of creeping voles during their experimental use of weasels to control small mammals. Our study was not intended to examine the functional response of predators to varying amounts of understory vegetation and DW volume, but we frequently captured ermine (n ¼ 16) across our 6 forest patches. Thus, we suspect that the effects of predation on survival of small mammals during our study may have contributed to the complexity of our survival response curves.
Given that survival rates varied at the scale of individual home ranges rather than patches or stands and the rates ranged along continuous habitat variables, our results support the idea that small mammals may not be distributed randomly across the forest floor (Bowman et al. 2001a (Bowman et al. , 2001b . As our findings indicate, this results in a range of survival rates that correspond to variable amounts of understory vegetation cover and DW volume in home ranges. Given the variability in survival rates across the range of DW volumes and herb and grass cover we found in individual home ranges, our findings support the view of Bowman et al. (2001b) that a combination of resource use and other biotic processes may lead to a dynamic metapopulation structure within a forest stand. Thus, we agree with Carey et al. (1999b) that small-scale spatial heterogeneity in vegetation is important to small mammals.
Because our retrospective study was limited in replications of forest stands and 1-ha patches, our results should be restricted to forests of similar age, composition, and location in the Oregon Coast Range. We recommend that future research into relationships between small mammals and habitats test our conclusions using additional replication, increased time scales, and multiple spatial scales that may be ecologically meaningful to the species of interest (e.g., home range size), as well as expanding coverage to other species and habitats. Future research of habitat relationships should also consider multiple demographic response parameters, including survival.
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